Due to their detrimental effects on human health, the scientific interest in ultrafine 21 particles (UFP) has been increasing, but available information is far from 22 comprehensive. Compared to the remaining population, the elderly are potentially 23 highly susceptible to the effects of outdoor air pollution. Thus, this work aims to assess 24 the levels of outdoor pollution at an urban area with emphasis on UFP number 25 concentrations and to estimate the respective dose rates for elderly populations. UFP 26 were continuously measured during three weeks at three sites in north Portugal: two 27 urban (U1 and U2) and one rural used as reference (R1). Meteorological parameters 28 and outdoor pollutants (PM10, O3, NO and NO2) were also registered. The dose rates of 29 inhalation exposure to UFP were estimated for three different age categories of 30 elderlies: 64-70 years; 71-80 years; and >81 years. Over the sampling period the levels 31 of PM10, O3 and NO2 were in compliance with the European legislation. Mean UFP 32 were 1.7×10 4 and 1.2×10 4 particles cm -3 at U1 and U2, respectively, whereas at rural 33 site the levels were 20-70% lower (mean of 1.0 ×10 4 particles cm -3 ). Vehicular traffic 34 and local emissions were the main identified sources of UFP at urban sites. In addition, 35 the results of correlation analysis showed that UFP were meteorologically dependent. 36
variability in UFP number concentration and composition) and need to be considered 64 before undertaking investigation of UFP health effects (Sioutas et al., 2005) .
4
UFP originate from both natural and anthropogenic sources, being emitted (i.e. 66 primarily origin) as well secondarily formed from gas precursors (Wang et al., 2010) . 67 UFP are ubiquitously formed through nucleation (Morawska et al., 2008 ) and by gas-68 to-particle reactions and growth processes (including condensation, coagulation and 69 volatilization) (Solomon 2012 The number of elderly population (i.e. > 65 years) has been increasing 76 throughout the world. Between 1996 and 2008 the elderly population increased from 77 380 to 500 million (i.e. from 7 to 16% of the total population) (Bentayeb et al., 2012) . 78
The present work aims to assess the levels of outdoor pollution at an urban area 90 with emphasis on UFP. The specific objectives of this work was to assess the UFP 91 number concentrations at two urban and one rural site (used as reference) and to 92 estimate the respective dose rates of inhalation exposure to UFP for elderly populations 93 when compared to active adults. The outdoor pollutants (PM10, i.e. particles with 94 aerodynamic diameter below 10 µm, ozone (O3) and nitrogen oxides (NO and NO2)) 95 and meteorological parameters (temperature (T), relative humidity (RH), wind speed 96 (WS), precipitation (P), and solar radiation (SR)) were registered in order to 97 characterize the outdoor pollution and weather conditions, as well as, their influence in 98 UFP levels. 99
100

MATERIALS AND METHODS 101
Study area description 102
Oporto is the second largest city of Portugal, located in the North of Portugal. Its 103 climate is characterized by annual average temperature of 15 ºC approximately and the 104 difference between the highest and lowest monthly averages being less than 10 ºC. 105
Annual air humidity is between 75% and 80%, and the total annual mean precipitation 106 varies between 1000 mm and 1200 mm, with about 40% in the winter season. 107 UFP were consecutively measured during three weeks of May-June 2013 at three 114 different sites in Portugal. The three sites were selected in order to represent different 115 environments. Sites U1 and U2 were characterized as an urban ones. They were situated 116 in Paranhos district of Oporto city; previously it was demonstrated that vehicular traffic 117 emissions are the main pollution source of this area (Slezakova et al., 2011 (Slezakova et al., , 2013 UFP concentrations were significantly higher (p<0.05) at the urban sites than at the 177 rural one; and ii) the differences observed between UFP means at sites U1 and U2 were 178 statistically significant (p<0.05). 179
The daily profiles of UFP number concentrations at the three sites are shown in 180
Figures 2A-C which also demonstrate the profiles of the traffic density. The average 181 traffic density of the roads around U1 was 16 vehicles min -1 and traffic peak hours 182 were detected at 08:30 (24 vehicles min -1 ) and 17:30 h (25 vehicles min -1 ). All roads 183 around U1 were characterized by the type of vehicles, mostly constituted by cars (95%). 184
Traffic density around site U2 was comparable with U1 (daily average of 13 vehicles 185 min -1 ; traffic peak hours at 08:30 and 18:30 with 21 and 19 vehicles min -1 , 186 respectively); however, the type of vehicle traffic was different. U2 was situated neara road with a not-negligible proportion of heavy duty vehicles (15%, typically buses). 188
As expected, traffic density at R1 was lower than at the other sites. Small traffic density 189 (< 1 vehicle min -1 ) was measured at R1 because of the rural location of this site; the 190 road vehicles consisted entirely of passenger cars (100%). The comparisons of UFP 191 number concentration profiles clearly showed that no similarities were observed 192 between rural and urban sites. In addition, the daily profiles of UFP at both urban sites 193 also differed in some extent which suggests different sources and/or influences of UFP 194 at the two characterized urban sites. 195
The concentrations of UFP at the three sites were also analysed together with the 196 meteorological parameters. Table 2 
UFP dose rates 204
Dose rates associated with inhalation exposure to UFP that were estimated for 205 three different age categories of elderlies at the three studied sites are shown in Table  206 3. The results clearly show that: (i) for all age categories the highest dose rates of UFP 207 were found at U1; and ii) for all sites the highest values of UFP dose rates were 208 observed for seniors 71-81 years old. Table 1 , 24-h concentrations of PM10 were lower than 50 µg m -3 at all three sites (14 224 and-30 µg m -3 and 10-25 µg m -3 at U1 and U2, respectively, and 4-6 µg m -3 at R1). 225
Similarly, 1-h measured levels of nitrogen dioxide were lower than EU limits, as well 226 as were the concentrations of ozone. Therefore, over the sampling campaign the levels 227 of the air pollutants were in compliance with the EU legislation. 228
The concentrations of UFP were significantly higher at two urban sites than at 229 rural ones. Specifically, the UFP levels were, respectively, 70 and 20% higher at Figure 2C show that no trend 255 between traffic density and UFP number concentrations was observed at site R1 (which 256 was anticipated considering the rural location of this site). However throughout the 257 sampling campaign, soil farming activities (such as soil ploughing) were observed daily 258 during the afternoon hours (approximately from 13:30) at plantations that surrounded 259 the site R1. As demonstrated in Figure 2C , these activities were directly linked with an 260 increase of UFP and may account for some of these increased UFP levels at R1. number concentration was observed in in the morning during the rush hour and was 272 associated with motor vehicle emissions. However, the second peak was observed at 273 mid-day-early afternoon (between 12:00-13:00). This increase was associated with 274 emissions of the local soup kitchen that was situated closely to this site U2. Therefore, 275 overall levels UFP at site U2 resulted from contribution of both these sources. The inhalation exposure dose rates of UFP due to outdoor activities were 297 estimated for three different age categories of elderlies (64-70 years; 71-80 years; and 298 >81 years). At urban sites the exposure dose rates were 1.2-1.4 times higher than at 299 reference one. The highest exposure doses of UFP were found for all age categories at 300 site U1 mostly due to the highest levels of UFP. Evaluating the different age groups, 301 the highest doses of UFP were observed for adults with 71-80 years mainly due to their 302 higher inhalation rate. At this moment there are no other published studies that assessed 303 UFP dose rates of elderlies. In order to better understand the magnitude of UFP 304 exposures, the dose rates of elderlies were compared to those of active adults (25-64 305 years). The results in Table 3 show that UFP exposure doses rates of elderlies were 306 approximately 15% times higher than those of adults. These results are important 307 because they indicate that elderly might receive higher doses of UFP and thus be at 308 greater risks from air pollution than other age groups. In addition, the elderlies are also 309 more likely to be affected by air pollution, due to generally weaker lungs, heart and 
